as study serves a key role for various biochemical reactions e.g., deamination and transpeptidation 29, 30 .
Ninhydrin reacts with amino group to give rise product diketohydrindylidene-diketohydrindamine DYDA . Thus, the product formed is in purple color and its formation dependent upon medium of reaction, pH, temperature and reactants. As color of product DYDA declines at room temperature, several changes/modifications involving different traditional surfactants, addition of various solvents and enzymes pretreatment were performed to improve the sensitivity of DYDA product 31 38 . In search of better results and the further improvement towards the stability of product, coordination of zinc metal ion was explored on the study with view point of promoting nucelophilic attack. Thus, color yield was really affected in our present case.
Keeping the above facts into mind, influence of cationic cetyltrimethylammonium bromide on rate of Zn II -histidine and ninhydrin reaction was reported in CH 3 COOH-CH 3 COONa buffer solution of pH 5.0 under varying experimental reaction conditions. The optimum reaction condition can be achieved by studying the effect of different factors, i.e., pH, concentration of Zn II -histidine complex, concentration of ninhydrin and temperature on rate and extent of the reaction. A comparative analysis of kinetic results obtained between aqueous medium and cationic CTAB surfactant micelles is also made.
Experimental 2.1 Materials
Double-distilled and deionized water carrying a specific conductance of 1-2 μ S cm 1 was utilized for solution preparation. Cetyltrimethylammonium bromide CTAB with purity 99 were bought from Merck, Germany. Lhistidine 99 was purchased from Loba Chemie, India. Ninhydrin 2,2-dihydroxy-1,3-indandione 99 , Merck, India , CH 3 COOH 99 , Merck, India , CH 3 COONa 99 , Merck, India and zinc sulfate heptahydrate ZnSO 4 .7H 2 O 99 , Merck, India were used as supplied. Rest chemicals used were of the best analytical reagent grade and employed without any surplus purification. Acetate buffer was made by appropriate mixing solutions of 30 cm 3 of 200 mM acetic acid and 70 cm 3 of 200 mM sodium acetate and used as a solvent in all the experiments 39 . To evaluate product composition formed between Zn II -histidine and ninhydrin, Job s method was applied. Reactants Zn II -histidine complex and ninhydrin were heated at 368 K for 120 minutes. Thereafter, absorbance was noted down at the end at wavelength λ max 380 nm . 1 mol of ninhydrin was observed to connect with 1 mol of Zn II -his to produce product. pH measurements of all the solutions were tested on a digital ELICO pH meter manufactured by Hyderabad, India.
Determination of critical micelle concentration cmc
In our current case, specific conductivity of pure CTAB surfactant and their solution mixtures as a function of CTAB was recorded on a Systronics model 306 conductivity meter made by Ahmedabad. The conductivity meter was attached through a dip cell electrode having a cell constant of 1.0 cm 1 . The material of cell electrode used was made up of glass. Studies were run in glass vessel and water was circulated around the vessel via water bath to maintain the experimental temperature. During the measurements, temperature was kept constant to within 0.1 K. In order to get desired cmc, plot between specific conductivity vs. surfactant concentration was plotted at the end of each experiments. The determination of cmc by conductivity technique has also been discussed earlier 40 42 . The results of cmc values are shown below i.e., water, water ninhydrin, water ninhydrin Zn II -his . CTAB : 0.91 mM, 0.89 mM, 0. 81 mM at 303 K ; 1.24 mM, 1.19 mM, 0.70 mM at 343 K .
Kinetic procedure
All experiment was made under pseudo 1 st order reaction condition keeping ninhydrin ≥ 10 times in excess over Zn II -his complex. Solutions of buffer, CTAB surfactant when needed and Zn II -his were placed in a reaction vessel at themostated water bath containing double surface water condenser to check any evaporation. For inertness, N 2 was flowed to solution mixture. The solution mixture was left for 30 min at 343 K to equilibrate before starting the experiment. After that, experiments were started by adding the exact quantity of ninhydrin to the reaction vessel containing solution mixture. A single beam Shimadzu 1240 model UV-Vis spectrophotometer Kyoto, Japan was used to monitor the reaction. The rate constant k obs and k ψ were calculated by recording absorbance at fixed time intermission at wave length λ max by computer program. Details on evaluation of rate constant and kinetics can be seen in several previous studies 43 47 .
Spectra
Absorption spectra between Zn II -his complex and ninhydrin reaction were recorded and shown in Fig. 1 . Spectra were plotted in both the media. Desired temperature of 343 K was adopted under a set of various experimental conditions. Each kinetic analysis was made at least in triplicate. Figure 1 showed that enhanced absorbance was observed in the presence of CTAB than aqueous with same λ max 380 nm ; suggesting formation of reaction product was not vary in any manner, i.e., same.
Results and Discussion

Effect of different factors on the rate of reaction
Effect of different factors, i.e., pH, concentration of Zn II -his , concentration of ninhydrin and temperature on the rate of Zn II -histidine and ninhydrin was carried out in aqueous and CTAB surfactant media. The detailed effect of these factors on rate are provided below.
Effect of pH
As pH plays a characteristics role on the reaction of ninhydrin with amino group. Effect of pH on rate was studied by varying pH range: 4.0-6.0 at fixed concentration of reactants ninhydrin and Zn II -his and temperature. The rate constant k against pH was given in Table 1 . Table 1 reveals that on enhancing pH-value, rate constant, k, enhances up to pH 5.0 and further increase in pH beyond 5.0 produces no effect on k, i.e., becomes almost invariant. The above suggests Schiff base formation C N-in vicinity of pH 5.0 . Therefore, analyses have run at pH 5.0 .
Effect of Zn II -his
Rate constant values were determined at various initial concentration of Zn II -his in aqueous and surfactant. Evaluated values of k obs and k ψ are kept in Table 1 . Kinetic results of rate constant obtained at various initial concentration of Zn II -his depicts that k-values are independent of Zn II -his . This leads to be first-order path in Zn II -his Eq. 1 . 
Effect of ninhydrin
Kinetic runs were executed by varying concentration of ninhydrin at 343 K fixing other factors constant concentration of Zn II -his and pH in aqueous and CTAB. These values of rate vs. ninhydrin concentration are plotted and presented in Fig. 2 . Rate profile of Fig. 2 k- ninhydrin is of non-linear in nature and crosses through origin. This concludes the order to be fractional for ninhydrin concentration.
Effect of temperature
By performing kinetic experiments at temperatures range: 333 K-353 K keeping other experimental ingredients fixed, rate constants were calculated under two conditions aqueous and micellar . They are summarized in Table 1 . These values of calculated rate constant were employed to determine thermodynamic parameters activation enthalpy ΔH # , activation entropy ΔS # and activation energy E a using Eyring equation. Determined values of ΔH # , ΔS # and E a are mentioned in Table 2 .
Reaction Mechanism of Study
At our present case of study between ninhydrin-Zn II -his reaction, a suitable mechanism of reaction was established and drawn as Scheme 1. It is acknowledged previously that electrons of lone pair of amino nitrogen are essential for nucleophilic attack on carbonyl group of ninhydrin 48 51 . Electrons of lone pair in Zn II -his is not available for attack as they are attached to zinc II metal ion. For that reason, reaction occurs through condensation between hisidine coordinated amino group to ninhydrin coordinated carbonyl group within coordination sphere of Zn II . This kind of condensation wherein both the reactant molecules ninhydrin and histidine connect to same metal ion into its coordination sphere is referred to as a characteristics of kinetic mechanism template 52 54 .
Results in Aqueous Medium
By using reaction mechanism of study presented in Scheme 1, Eq. 2 can be written as, d Product /dt kK N Zn II -his /1 K N 2 K equilibrium constant, k rate constant and N total ninhydrin concentration Eq. 1 and Eq. 2 , resulted Eq. 3 :
Eq. 3 converted into Eq. 4 :
1/k obs 1/k 1/kK N 4
Eq. 4 provides linear plots 1/k obs vs. 1/ N . The respective K and k were estimated from slope and intercept of plot, which are 12.9 mol 1 dm 3 and 4.2 10 4 s 1 . Fitting of K and k in rate Eq. 3 , calculated rate constants k cal were obtained which were in close agreement with k obs . The above agreement between rate constants authenticates validity of Eq. 3 . 
Influence CTAB on Rate of Zn(II)-Histidine and Ninhydrin 6 Results in Surfactant Medium
Detailed experiments lead to conclusion that studies displayed same first-and fractional-order for Zn II -his complex and ninhydrin, respectively, in CTAB medium as that of aqueous medium. Absorption band of product formed does not changed in CTAB surfactant. Thus, this indicates that the mechanism of reactions remains same in two systems. Influence of CTAB on title reaction was seen at different amounts of CTAB at 343 K keeping other reaction parameters fixed ninhydrin, Zn II -his and pH Table 3 . k ψ rises up on increasing CTAB surfactant concentration primarily and achieves a maximum value and then leads to result a slow decrease in k ψ -values Fig. 3 . Plot of k ψ vs. CTAB shows a very common characteristics of bimolecular reactions catalyzed by surfactants 55 .
Quantitative Treatment of Kinetic Results
Influence of CTAB on title reaction can be treated quantitatively with the help of following Scheme 2, established by Martinek et al. 56 and Menger and Portnoy 57 and improved by Bunton 58, 59 and Romsted 60 .
Here, w and m express the respective aqueous and micelle. K S and K N denote Zn II -his -micelle binding constant and binding constant for ninhydrin, respectively.
Eq. 1 and Scheme 2 suggest Eq. 5 :
Then, Eq. 5 converted into Eq. 6 as follows, For determination of K S and k m , we need cmc under the current kinetic experimental situation. Then, value of cmc was determined by using conductivity meter. For given cmc value, K S and k m were determined from rate Eq. 6 by non-linear least squares procedure and these values are mentioned in Table 2 . Such kind of determination was performed at several presumed K N -values. The calculated rate constant k ψcal , acquired by placing of k m and K S in rate Eq. 6 , suggests good matching with Scheme 1 Mechanism of Zn II -his and ninhydrin reaction. the observed rate constant k ψ ; confirming the authenticity proposed reaction mechanism. Values of k ψ and k ψcal are given in Table 3 .
Micelle assisted reactions either catalyzes or inhibits depending on the binding of reactant molecules to surfactants. The influence of aggregated system on rate of chemical reaction has been recognized to electrostatic and hydrophobic interactions. They are the key feature that increases the reactants concentration into a small volume of Stern layer of micelles Fig. 4 . Micellar pseudo phases have different properties. Present reaction can be accounted in the light of distribution of complex and ninhydrin between aqueous and cationic micelle. Ionic species can be attracted or repelled by micellar surface of cationic micelle owing to electrostatic force while hydrophobic force can bring about the incorporation into micelle even of reactants that bear the same charge as the ionic micelle. From electrostatic point of view, ninhydrin due to electron cloud upturns probability of its distribution between bulk phase and cationic charged micelle CTAB . On the other hand, hydrophobic interactions can bring about incorporation of Zn II -his into micelles. Thus, micelles help in bringing the reactants close together into a small volume Stern layer . Consequently, concentration of reactants increases into a small volume of Stern layer of micelles, resulting increase in k ψ -value. The same is also in consistent to literature reported earlier 61, 62 . CTAB 60 mM provides a slow decreasing effect in rate constants k ψ -values owing to competition between ninhydrin and bromide ion.
Activation Parameters
Activation parameters ΔH # , ΔS # and E a obtained in aqueous and surfactant when the study was performed at different temperatures. For the evaluation of activation parameters, reactants and pH were retained invariant. They are reported in Table 2 . The results of Table 2 reveal that values of ΔH # and ΔS # with large negative value are lower in the presence of CTAB in comparison to absence of CTAB surfactant. A reduced value in enthalpy is as expected because of electrostatic attraction between reactants and CTAB when they are in micelle phase. The reduction in ΔS # results formation of more ordered activated complex in CTAB than aqueous. Although, a significant mechanistic explanation about these apparent activation parameters is impossible because rate constants k ψ do not signify a single elementary kinetic step; it is complex function of true rate, binding and ionization constants.
Conclusions
In our current investigation, the influence of cationic CTAB surfactant was executed on rate of Zn II -histidineninhydrin reaction in buffer solution of pH 5.0 under a set of various reaction conditions. From the results of enhanced reaction rate in CTAB, it is very clear that CTAB surfactant catalyzes and accelerates the study more compared to aqueous medium without utilizing any severe reaction conditions. Thus, existing investigation may enthuse and reveal some innovative idea of studying reaction of ninhydrin with metal-ion-coordinated amine functional group.
Quantitative treatment of kinetic results appears satisfactory as observed k ψ and calculated k ψcal exist in good agreement. Thus, this indicated that the reaction in CTAB surfactant was fruitfully elucidated by the means of pseudophase model for micellar catalysis. CTAB overcomes the essential challenges of surfactants in a lot of fundamental as well as applied consumptions owing to their easy availability and cost effectiveness. At last, an important point to be noted is that exploration of Zn II -histidine and ninhydrin reaction could be employed as a simple and reliable kinetic probe in aggregated structural systems. 
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